Background: Dielectric properties and ac conductivity were studied and correlated with the structure of a series of YBCO ceramic, doped with different doping levels ranging from 0.1 to 0.5 wt.% of magnetic nano-metal oxides, namely Mn 3 O 4 , Co 3 O 4 , and Cr 2 O 3 . The most important feature of this study was the ultrahigh values of dielectric constants at a low frequency, exactly 50 Hz. We found that the undoped YBCO has a value of ε′ equal to 6.99 × 10 6 at 50 Hz at room temperature which was increased to 1.09 × 10 8 at 120°C, higher than any other ferroelectric material. Moreover, the value of ε′ depends on the nature and the value of the magnetic moment of the doped metal oxides. The value of ε′ is at least three orders of magnitude greater than any previously studied composites which suggest that this perovskite ceramic material can be used to create electrostatic capacitors with energy far better than the best electrode doublelayer capacitors (EDLC). Additionally, ac electrical conductivity has two frequency-dependent regions, the low frequency, where σ ac is independent of frequency, and the high-frequency region where dispersion occurs. The ac conductivity measurement with frequency leads us to conclude that the conduction mechanism in the studied samples can be correlated barrier hopping (CBH) model. Results: The dielectric properties of undoped YBCO ceramics at 50 Hz in temperature ranging from room temperature to 120°C were studied. It is obvious that the dielectric constant and dielectric loss of YBCO decrease with increase in frequency and temperature. It can be noticed that dielectric constant of YBCO increases at 50 Hz from 6.99 × 10 6 at room temperature to 1. 
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Conclusion: The primary finding in this paper is of empirical investigation. YBCO, which is a high-temperature superconductor, has a high dielectric constant ε′ ranging from 6.99 × 10 6 at room temperature to 1.09 × 10 8 at 120°C. This value is at least three orders of magnitude greater than any previously studied composites which suggest that this perovskite ceramic material can be used to create electrostatic capacitors with energy far more efficient than the best electrode double layer capacitors (EDLC).
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Background
Hot topics like high-Tc superconductivity, ultrahigh magnet-resistance, and multi-ferrocity have been extensively studied in the last decade. These and other exciting phenomena that have been investigated in transition metal oxide.
The last two decades have brought intrinsic progress in the physics of superconductivity due to the discovery and numerous later investigations of high-temperature superconductors. Such new materials have opened the doors for endless possibilities of various applications in state-ofthe-art technologies. It is expected that the novel discoveries in this field will have an outstanding impact on electric motors, power production and transmission, transportation, and communication systems. Accordingly, there is an unmet need to promote superconducting materials and to facilitate a technological upgrade. It is therefore imperative that we develop less expensive materials which exhibit superconducting abilities at room temperature. The current focus on much of the current research is establishment and commercialization of superconductors such as YBCO. Alternatively, it is attractive to study the electrical behavior of these materials in ac fields in order to provide details regarding the transport process in the localized state of the forbidden gap (Long 1982) . Dielectric measurements and ac conductivity have been discussed in the context of a wide variety of materials in order to appreciate the mechanisms of conduction processes in these materials (Abdel-All 1998; Bitar and Arafah 1998; Sedeek et al. 2003; Redwan et al. 2003; Seyam 2001; Jyothy et al. 2010; Ram et al. 2013; Atiya 2014) [2] [3] [4] [5] [6] [7] [8] [9] . In fact, frequency-dependent electrical conductivity (σ ac ) of semiconductor composites is a helpful tool to understand the conduction mechanism in their respective alloys.
The high-temperature superconductor was first used in April 1986 to designate the new family of cupriteperovskite ceramic materials discovered by Johannes Gearg Bednorz and Karl Alexander Muller (Bednorz and Muller 1986) .
The crystal structure of YBa 2 Cu 3 O 7 (Y123) is characterized by the arrangement of copper-oxygen plan and copper-oxygen chains Fig. 1 (Jorgensen et al. 1987) . The sequence of YBCO layers in the crystal is as follows:
CuO-BaO-CuO 2 -Y-CuO 2 -BaO (Capponi et al. 1987) . The planes of CuO 2 with Yttrium atoms between the copper-oxygen planes separate the layers of the perovskite structure of YBCO. This structure gives rise to a large anisotropy in normal conducting and super conducting properties, as electrical current is involved by holes induced in the oxygen sites of CuO 2 sheets. The electrical conduction is highly anisotropic with a much higher conductivity parallel to CuO 2 plane than in the vertical direction.
Therefore, in the present work, nano-magnetic metal oxides, namely, Mn 3 O 4 , Co 3 O 4 , and Cr 2 O 3 with different concentrations ranging from 0.1 to 0.5 wt.% have been chosen as doping in YBCO superconductors to improve the electrical properties of YBCO. The literature survey on dielectric studies demonstrate that relatively very few research works have been recorded on dielectric and ac electrical conductivity studies of YBCO systems.
Dielectric measurements of YBCO + X (where X = 0.1, 0.2, 0.3, 0.4, and 0.5 wt.%) of each metal oxides have been carried out in the frequency range of 50 Hz to 5 MHz at temperature range 25 to 120°C. The dependence of the dielectric constant ε′, dielectric loss ε″ with frequency and temperature as well as concentration is discussed. Frequency-and composition-dependent ac conductivity has been studied for the aforementioned prepared samples.
Experimental details Preparing nano-metal oxides
Nano-metal oxides (Mn 3 O 4 , Co 3 O 4 , and Cr 2 O 3 ) have been prepared by the co-precipitation method as described prior in our early studies (Bhargava et al. 1998; El-Hofy and Salama 2008; El-Hofy and Salama 2010 BaCO 3 , and CuO followed by grinding, calcinations, and sintering as previously described in details of our previous work (Salama et al. 2015) .
A series of polycrystalline composite samples of YBCO+ x where x = 0.1, 0.2, 0.3, 0.4, and 0.5 wt.% of each metal oxide (Mn 3 O 4 , Co 3 O 4 , and Cr 2 O 3 ) were mixed separately and pressed into pellets. The pellets were sintered according to the same curve of heat treatment as referenced (Salama et al. 2016a ).
Dielectric and ac electrical conductivity measurement
Dielectric and electrical conductivity measurements have been done with HiOki LCR-Hi-Tester (3532-50) in the frequency range of 50 to 5 MHz and temperature from room temperature to 120°C. For this study, YBCO samples were pressed into cylindrical pellet forms with a diameter of 10 mm and thickness of about 1.2 mm under a uniform load of 5 tons using hydraulic press. The disc of the sample is placed between the electrodes of the LCR meter. The signal voltage level was kept at 0.02 V.
Under dielectric studies, we measure the electrical properties of a material as a function of frequency. In our experiments, the real and imaginary parts of the complex dielectric permittivity, ε* (ε* = ε -jε′) were obtained with the assumption that studied cell is equivalent to a circuit consisting of an ideal capacitance in parallel with a pure (ohmic) resistance R p .
The real part of the dielectric function (constant ε \ ) of sample powders was calculated from the measured capacitance at all temperatures and frequencies in accordance with the following equation (Hipple 1966) ,
where C is the capacitance, d is the thickness, A is the area, and ε o is the permittivity of free space equal to 8.85 × 10 − 12 F/m. The dielectric loss tangent (El-Halawany and Salama 2009) defines the part of the power transformed into thermal energy that is observed by the material in the presence of the electric field, and the energy loss may be expressed in terms of phase defect angle δ, so that
Under dielectric studies, we measure the capacitance of undoped YBCO sample and that doped with different concentrations of magnetic nano-metal oxides as a function of frequency and temperature. Studying dielectric properties aids in the definition of two essential electrical characteristics of materials. The first one is the capacitive insulating nature which is responsible for electrical charge storage and the second one is the conduction natural which is responsible for electrical charge transfer. The ac electrical conductivity (σ ac ) was calculated from the measured resistance at the same temperature and frequency. The conductivity was calculated using the relation
where R p is the sample resistance, a is the crosssectional area of the sample, and L the sample thickness.
Results

Dielectric studies of undoped YBCO
The dielectric properties of undoped YBCO ceramics at 50 Hz in temperature range from room temperature to 120°C were studied. The variation of dielectric constant ε′ and dielectric loss ε \\ with frequency is shown in Fig. 2 . Undoped YBCO has a dielectric constant equal to 6.99 × 10 6 at 50 Hz at room temperature which is increased gradually with temperature till it reaches to its maximum temperature at 120°C; this value is orders of magnitude higher than those of SDM, Materials possessing a dielectric constant > 10 5 .
Dielectric studies of doped YBCO samples
Generally, the values of dielectric constant ε′ and dielectric loss ε″ decrease with an increase in frequency and increase with an increase of temperature for all prepared YBCO ceramic samples. The values of ε′ and ε″ collapse from a maximum value at low frequencies to become weakly frequency-dependent, and finally, at microwave frequency, a constant value is attained Fig. 3 . The values of dielectric constants for audio and microwave frequencies are given in Table (1) .
Frequency and composition dependence of ac electrical conductivity
The ac conductivity is studied for undoped YBCO and doped YBCO with 0.1 wt.% of nano-metal oxide of Cr 2 O 3 , Co 3 O 4 , and Mn 3 O 4 samples. σ 1 (ω) is typically specified to the hopping conduction, and ac conductivity has a power law behavior in terms of frequency (ω).The power law exponents (s) obtained from the least square line fits of Fig. 5 (a-d) and the hopping frequency data are reported in Table 3 . It is evident that the exponent s is less than unity and decreases modestly with increasing temperature. The change in microwave conductivity of the studied samples with frequency (50 Hz -5 MHz) is shown in Fig. 5 . It is observed that for all the samples, the a b 
Discussion
Dielectric studies of undoped YBCO
It is noticeable that the dielectric constant and dielectric loss of YBCO decrease with increase in frequency and increase with increase of temperature. It should be noted that the dielectric constant of YBCO increases at 50 Hz from 6.99 × 10 6 at room temperature to 1.09 × 10 8 at 120°C.
The calculated dielectric constant of undoped YBCO is orders of extent higher than any form of barium titanite (~10 3 ) which represents the most important result of this study. This represents a new category of dielectrics, super dielectric materials (SDM), with dielectric constants at low frequency (50 Hz) greater than 10 5 . These materials exhibit an intrinsic dielectric constant greater than 10 5 at very low frequency (Jayalakshmi and Balasubramanian 2008) .The measured ultrahigh dielectric constants is pivotal in paving a path to develop a classic electrostatic capacitor as an alternative to supercapacitors for electrical energy storage/power delivery without the challenges associated with the rise of volume and weight. Such capacitors can be used to replace batteries in hybrid vehicles. There are different mechanisms for generating ultrahigh dielectric constant ε′ (SDMs); the most prominent mechanisms that can give rise to enhanced values of the dielectric constant are ferroelectricity, charge-density wave formation, hopping charge transport, the metal-insulator transition, and various derivations of the interface effect (Lunkenheimer et al. 2010 ). As we reported previously in the introductory section, the unique crystal structure of YBCO contains a layered crystal structure consisting of one or more CuO 2 layers. Each copper atom in a Cu-O 2 plane has a strong covalent bond, in a nearly square planar order, with four oxygen atoms at a distance of 1.9 Ǻ. (the Cu-O bond strength). Also, the copper present in the mixed valence state includes a partial oxidation of Cu 2+ to Cu 3+ ;
therefore, there is a charge transfer to and from the CuO 2 layers near the metal-insulator phase boundary. The insulating interfaces can occur at the surface of the sample, due to the formation of a Schottky diode at the electrode/sample contact or due to a thin insulating surface layer with slightly different stoichiometry (e.g., oxygen content). Also, internal interfaces can arise, e.g., from grain boundaries in ceramic samples or planar crystal defects (e.g., twin boundaries). The variation of loss factor (ε″) with frequency for undoped YBCO ceramics sample is shown in Fig. 2b . The variation is much prominent at lower frequencies. It has been observed that ε″ decreases with frequency, which may be arising from charge carriers existing in the ceramic sample which can migrate for some distance under the influence of an applied electric field. When such carriers are inhibited at the electrodes, a space charge region is activated which leads to a substantial increase in ε″ toward high frequencies (Sang et al. 2016) which gives rise to the observed relaxation of the entire curve.
Dielectric studies of doped YBCO samples
It is well known that for a polar material, the decrease of ε′ with increasing frequency can be explained by the subscription of several types of polarization (Shukla and Dwivedi 2016) (space charge, orientation, electronic and ionic polarization). This polarization resulted from the changes in valence states of cations and space charge polarization. At higher frequencies, the dielectric constant becomes independent of frequency due to the lag of electric dipoles to follow the fast variation of the alternating applied electric field. In fact, electronic polarization takes place at high frequencies up to 10 16 Hz due to the displacement of the valence electrons relative to the positive nucleus whereas, ionic polarization which occurs at 10 3 Hz results from the shift of negative and positive ions with respect to each other. The third type of polarization is dipole polarization which arises in a material containing molecules with permanent electric dipole moment that can change the orientation in the direction of the applied electric field. This type of polarization occurs at frequencies near 10 10 Hz. The last type of polarization called space charge polarization results from impedance mobile charge carriers by interfaces. This type of polarization arises at frequency range from 0 Hz to 10 3 Hz. The sum of the previously mentioned four types of polarization results in the total polarization of the dielectric material (Hegab and El-Mallah 2009) .
In the view of the obtained results of the present study recorded at Table 1 and 2, we can state the high values of dielectric constant ε′ may be due to the interfacial effects within the YBCO crystal structure and doped metal oxide nano-powders and electronic and magnetic effect of each dopant.
(YBCO) YBa 2 Cu 3 O 6 + x is known as a hightemperature superconductor. The optical and electronic properties of YBCO are characterized by its oxygen percentage (Poberaj and Michailovic 1992; Jahanzeb et al. 1997) . For x = 1 wt.%, YBCO has an orthorhombic structure and has metallic conductivity. It is superconductive when it is cooling under its critical temperature (Yu and Heeger 1993) . As x is decreased to 0.5, a crystal structure transitions to a tetragonal structure with semiconducting properties as it exists in a fermi glass state. If x is decreased below 0.3, YBCO becomes a Hubbard insulator with an energy gap on the order of 1.5 eV. As our previously published paper (Salama et al. 2016b) , the prepared YBCO samples have a single-phase perovskite structure with orthorhombic structure. The lattice parameters of YBCO orthorhombic structure are a = 3.823 Ǻ, b = 3.885 Ǻ, and c = 11.7 Ǻ. There is no peak corresponding to any other compounds. Figure 3 represents the variation of the dielectric constant ε \ with a frequency at various temperatures for 0.1 wt.% for each doping ceramic samples as delineated in this study. One can notice that the value of dielectric constant depends on the electrical and magnetic properties of each doping nano-metal oxide. For 0.1 wt.% Mn 3 O 4 , Fig. 3 (a) manganese (Mn) is a transition metal having multiple valences 2+, 3+, 4+, 5+, 6+, 7+, etc., and hence, it forms a number of oxide systems such as MnO, MnO 2 , Mn 2 O 3 , Mn 2 O 5 , MnO 3 , Mn 3 O 7 , and Mn 3 O 4 . Among these, Mn 3 O 4 is the most stable of oxides with a magnetic moment of 5.27 μB. Also, Mn 3 O 4 is a material with normal spinal structure containing a tetrahedral site occupied by Mn 3+ cations (Ribeiro et al. 2015) . Our previous work indicates that Mn 3 O 4 is distributed over the entire surface of the granules as points in the nano-sized range. This unique structure is responsible for the high values of ε \ appearing in Fig. 3 (a) where ε \ is varied from 9.45 × 10 5 to 15.5 at room temperature and varied from 1.34 × 10 5 to 9.242 at 1 MHz at 120°C. Figure 3(b) represents the variation of ε′ for 0.1 wt.% Co 3 O 4 doping YBCO. Co 3 O 4 has a magnetic moment equal to 3.26 μB, and it crystallizes in the cubic spinal structure which contains cobalt ions in two different oxidative states, Co 2+ and Co 3+ . There is evidence that Co 2+ ion has three unpaired d electrons whereas all the d electrons of Co 3+ are paired. As a result, the Co 3+ ions are not magnetic, while the Co 2+ carries a magnetic moment. Its conductivity is a p-type with band gap values around 1.6 eV (Shinde et al. 2006; Kim and Park 2003) . In addition, TEM images and EDAX-analysis from our previous work suggests that Co 3 O 4 is distributed over the entire surface of the granules as points in the nanosized range. Our previous evidence show the elevated values recorded for doped YBCO with Co 3 O 4 where the values of ε′ varied from 9.5 × 10 5 at 50 Hz to 13.24 at 1 MHz at room temperature; these values change from 7.8 × 10
4 at 50 Hz to 53.42 in ceramic samples doped with Cr 2 O 3 Fig. 3(c) . It is well known that Cr 2 O 3 is a ptype semiconductor with a wide band gap (E g 3 eV). It has a rhombohedra crystal structure and a magnetic component. Also, from our aforementioned work, we concluded that Cr 2 O 3 tends to merge through the structure between or covering the YBCO grains and may be responsible for the variable values of ε′ from 1.138 × 10 6 at 50 Hz to 8.38 × 10 3 at 1 MHz at room temperature and from 5.935 × 10 5 at 50 Hz to 3.53 × 10 3 at 1 MHz at 120°C. In values of ε′ recorded for various doping levels, Tables 1 and 2 illustrate that ε′ depends on the doping ratio which may be due to the transition of electrons between mixed valence of Mn 3+ ↔ Mn 4+ , Co 3+ ↔ Co 4+ , and Cr 2+ ↔ Cr 3+ . This phenomenon gives rise to space charge polarization and interfacial occurrences at low frequencies up to 10 3 Hz. In addition to the decrease of orientation, polarization decreases with increasing frequency as it takes more time than ionic and electronic polarization. Figure 4 shows that 0.3 wt.% of Mn 3 O 4 and 
Frequency and composition dependence of ac electrical conductivity
Ac conductivity measurements are the most appropriate method to explain frequency dependence of electrical behavior of materials. The variation of ac conductivity (σ ac ) with frequency at different temperatures for each sample is as delineated in Fig. 5a -d. An attempt was made by Jonscher to explain this behavior using the following universal power law (AbdelKarim et al. 2017) ,
where σ dc is a frequency-independent conductivity (connected to dc conductivity), σ 1 (ω) is typically specified to the hopping conduction, and ac conductivity has a power law behavior in terms of frequency (ω). A is the pre-exponential factor dependent on temperature; s is the exponent and can have a value between 0 and 1. If the value of s < 1, the hopping conduction is predominant, and if s > 1, the conduction is through localized motion. The term Aω s can be described on the basis of two carrier conduction mechanisms:
Quantum mechanical tunneling (QMT) through the barrier separating the localized sites Correlated barrier hopping (CBH) over the same barrier
In reference to Fig. 5a-d , there are two frequencydependent regions for all the studied ceramic samples, the low-frequency one, where σ ac is independent of frequency, and the high-frequency region, where dispersion occurs. A change in the slope of ac conductivity with frequency is detected at the temperature where the grain resistance controls over the grain boundary resistance. The frequency at which the slope changes correspond with the polaron hopping of charged species with increasing temperature. The charged species which are increased at grain boundaries have sufficient energy to jump over the barrier, thereby increasing the conductivity. The frequency at which this transition occurs is called the hopping frequency (ω p ) which follows the following relation:
The frequency independent behavior of the conductivity in the low-frequency region becomes sensitive in the high-frequency region. Upon increasing temperature, the hopping frequency shifts toward a higher frequency, and, of note, this value depends on the kind of doping metal oxide. The power law exponents (s) obtained from the least square line fits as seen in Fig. 5a-d and the hopping frequency data are reported in Table 3 . It is clear that the exponent s is less than that of the unity and decreases modestly with increasing temperature. This supported the assumption that the conduction mechanism in the studied samples is the correlated barrier hopping (CBH) model (Ben Taher et al. 2015) .
Otherwise, at lower frequencies, the grain boundaries are more effective, and hence, the electron hopping between M 2+ ↔ M 3+ ions are less at lower frequencies.
Conclusion
The primary finding in this paper is of empirical investigation. YBCO which is a high-temperature superconductor has a high dielectric constant ε′ ranged from 6.99 × 10 6 at room temperature to 1.09 × 10 8 at 120°C. This value is at least three orders of magnitude greater than any previously studied composites which suggest this perovskite ceramic material can be used to create electrostatic capacitors with energy far more efficient than those of the best electrode double layer capacitors (EDLC).
Upon doping with different ratios of magnetic nano-metal oxides of Mn 3 O 4 , Co 3 O 4 , and Cr 2 O 3 , this ultrahigh dielectric constant is consistent. However, the value of ε′ is changed with the doping ratio along with the value of the magnetic moment for each metal oxide. The highest value recorded for 0.3 wt.% Mn 3 O 4 is equal to 1.36 × 10 6 whereas the lowest is at 0.2 wt.%Co 3 O 4 is equal to 3.83 × 10 5 . The ac conductivity measurements with frequency lead us to conclude that the conduction mechanism in the studied samples is attributed to the correlated barrier hopping (CBH) model. To the author's knowledge, the dielectric and ac conductivity studies at radio and microwave frequencies have been discussed here for the first time. The microwave conductivity of samples have values dependent on the doping values of metal oxides. 
